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(54) Apparatus lor depositing thin films 

(57) The thin film deposition apparatus includes a 
reactor {200) maintained at a constant pressure; aueasi 
two reaction gas supply portions (1 11 0*11 20) for supp'y- 
ing reaction gases to the reactor; an exhaust pump (310) 
for discharging the gases out of the reaction gas supply 
portions and'or the reactor; first flow control va.ves 
( 112a) installed between each reaction gas supply por- 
tion and the reactor, for controll'ng the amount of gases 
flowing between the reaction gas supply portions and 
the reactor; second Slow control valves (114a) installed 
between each reaction gas supply portion and :he ex- 
haust pump, for controlling the amount of gases flow'ng 



oetween tne reaction gas supply portions and the ex- 
haust purrp; an inert gas supply portion (1130) for sup- 
plying 3J* inert gas into the reactor; reaction gas. pipe 
*ines, wherein the reaction gases provided from the re- 
action gas supply oortions fiow through the reaction gas 
pipe lines to the reader and/or the exhaust pump; an 
inert gas pipe line, wherein the inert gas provided from 
tne inert gas supply portion flows through me inert gas 
pipe line to the reacior; and a plurality of valves installed 
Ir- the reaction gas pipe lines and/or the cnejigas pipe 
lines, for controlling the amount of reaction gases and 
inert gss flowing into the reactor and/or the exhaust 
pump, 
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(54) Apparatus for depositing thin films 

(57) An apparatus foi depositing thin films of a sem- 
iconductor device. The thin film deposition appaiatus in 
eludes: a reactor maintained at a constant pressure" at 
least two reaction gas supply pontons lor supplying re- 
action gases to she reactor, an exhaust pump (or dis- 
charging tiie gases out of the reaction gas supply por- 
tions and/or the reactor, firs! flow control valves installed 
between cacti reaction gas supply portion and the reac- 
tor,, for controlling the amount of gases f rowing between 
the reaction gas supply portions and the reactor; second 
flow contra! valves installed between each reaction gas 
supply portion and the exhaust pump, for controlling the 



amount ot gases flowing between the reaction gas sup- 
ply portions and the exhaust pump an inert gas supply 
portion for supplying an inert gas into the reactor, reac- 
tion gas pipe lines, wherein the reaction gases provided 
from the reaction gas supply portions flow through the 
reaction gas pipe lines to the reactor and/or the exhaust 
pump, an Inert gas pipe line, wherein the inert gas pro- 
vided from the inert gas supply portion flows through the 
inert gas pipe line to Ihe reactor; and a plurality of valves 
Instated in the reaction gas pipe lines and/or tho inert 
gas pipe lanes, tor controlling the amount of reaction gas- 
es and rnert gas flowing mHo the reactor anaVor the ex- 
haust pifmp. 
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Description 

[0001] The present cnveniion relates to an apparatus 
for depositing thin films on a water such as semiconduc- 
tor subs$ra*e by continuous gas injection 
[0002] Referring to hg^re 1, a conventional thin 
depositor! apparatus comprises a reaction gas tranter 
portion 100 (or transferring a reaction gas into a reactor 
200 and an exhaust portion 300 for exhausting me cas 
out ol the reactor 2C0 

[0003] The reaction gas supply portion 100 comprises 
a first reaction gas supply portion 110 fo< supplying a 
first roaction gas to the reactor 200, a second reaction 
gas supply portion 120 for supplying a second reaction 
gas to the reactor 200, and an inert gas supply portion 
130 lor supplying an ineii gas to the reactor 200 The 
exhaust portion 300 has an exhaust pump 310 tor dis- 
charging the gas out of the reactor 200. 
[0004] The gas supply portions 1 10, 1 20 and 1 30 and 
the exhaust pump 310 are connected by pipe lines hav- 
ing a plurality of on/off valves 111 112, 113, 114. 115, 
121, 122, 123, 124, 125, 131. 132, 133 and 134 which 
are controlled by a connector (not shown) connected to 
each of the valves. 

[0005] The Orsl reaction gas supply portion 110 in- 
cludes a first source container 116 filled with a first liq-jsd 
material as a source of the first reaction gas, and a mass 
flow controller (MFC) tor controlling the flow of a transfer 
gas for transferring the first reaction gas to the reactor 
200. The second reaction gas supply portion 120 in- 
cludes a second source container 1 26 fHSed with a sec- 
ond liquid material as a source of the second reaction 
gas, and an MFC for controlling the flow of the transfer 
gas for transferring tho second reaction gas to the reac- 
tor 200. Tho inert gas supply portion 130 comprises nn 
inert gas container 136 for supplying the inert gas and 
an MFC for controlling the How of the inert gas to the 
reactor 200. 

[0006] In the thin film deposition apparatus having the 
above structure, for example, the valves 111, 112 and 
113 are open tho transfer gas provided through a first 
supply lino 11 and the valve 111 enters tho reactor 2C0 
together with the first reaction gas contained in the first 
source container 116 through the va3ves 112 and 113 
and a first reactor pipe, lino 21 , 

[0007] Then- whon the vatves 114 and 115 are open, 
the transfer gas provided through the first supply line 11 
isdischarged through the valves 114 and 1 1 5, a first ex- 
haust lino 71 and the exhaust pump 310, 
[0008] Then when the valves 1 31 132 and 134 a?e 
open, the inert gas Hows into the reactor 200 through 
the first roactor pipe line 21 and a third reactor pipo line 
23. so that the reaction gas remaining in the first reactor 
pipe line 21 and the reactor 200 is discharged. 
[0009] Then, when the valves 1 32 and 1 34 are closed 
and the valves 1 21 , 1 22 and 1 23 are open, the transfer 
gas provided through a second supply line 12 and the 
valve 121 enters the reactor 200 together with the sec- 



ond reaction gp.s contained :n the second source con- 
tainer 1 26 through the valves 1 22 and 1 23 and a second 
reactor pipe lire 22 

[001 0] However, when the valve 1 34 is closed en order 

5 to Transfer another reaction ens to the reactor 200. the 
men gas canno: be provided 5o the first reactor pipe fine 
21 any more. Thus the reaction pas remaining in the 
first reactor pipe line 21 , not being discharged, is mixed 
with 5he next reaction gas. Also, whon the valve 132 is 

to closed, the reaction gas in a part of the reactor 200 near 
the oxhausl line is rol discharged, so that the remaining 
react on gas is mixed w;!h the next reaction gas. 
{001 1] On the other hand, when the valves are turned 
on/ofl in order to transfer another reaction gas, the in- 

is semal pressure cl the lines connecsed to the corre- 
sponding valves changes. Such a change in pressure 
means that a stable supply of the reaction gas is not 
certain and causes cavitation to the supply Eines. so that 
the transfer of the reaction gas becomes difficult. 

so [0012] Itisanobjectof the present invention to at least 
mitigate the problems of the prior art. 
[001 3] Accojdrngly, a first aspect of the present inven- 
tion, provides an apparatus for depositing thin films on 
a semiconductor wafer, comprising: a reactor main- 

*5 rained at a constant pressure; at teasl two reaction gas 
supply portions for supplying reaction gases to the re- 
actor; an oxhaust pump tor discharging the gases out of 
the reacnon gas supply portions andtor the reactor; first 
flow control valves installed between each reaction gas 

so suppiy portion and the reactor, tor controlling the amount 
of gases flowing between the reaction gas supply por- 
tions and the reactor; second flow control valves rn- 
stalled between each reaction gas supply portion and 
tho exhaust pump for controlling the amount of gases 

3* flowing between tho reaction gas supply portions and 
she exhaust pump- an inert gas supply portion for sup- 
ping an men gas into the reactor reaction gas pipe 
lines, wherein the reaction gases provided Grom the re- 
action gas supply portions flew through the reaction gas 

40 pipe lines to the reactor and/or tho exhaust pump; an 
men gas p:pe ; t ne. wherojn the men gas provided from 
the inert gas suppiy portion flows through the inert gas 
pipe line to the reactor; and a pfuralrty ofvatves snstafled 
In the reaction gas pipe lines and/or the inert gas pipo 

45 linos, for controlling the amount of reaction gases and 
inert gas flowing into tho roactor and/or the exhaust 
pump. 

[0014] Advantageously, an embodiment of the 
present invention provides an apparatus for depositing 
so thin fi!ms on a semiconductor wafer, in which the gas 
flow through a reactor or an exhaust pump is controlled 
to be constant such that different reaction gases are not 
mixed in the reactor. 

[0015] Preferably, tho first and second flow control 
£5 vaCves are metering valves or control vaSves instated 
before the valves between the reaction gas supply por- 
tions and She reactor, and between the roacton gas sup- 
ply ponions and the exhaust pump Preferabty. the by- 



3 



EP 0 959 149 A2 



4 



pass lines have an inner diamoior of 0.1-0.5 mm and 
the bypass lines have a length of 15-25 mm. 
[0016] Embodiments of the present mvention will now 
be describee, by way ct example only, w;th reference :o 
the accompanying drawings <n which s 

figure 1 is a piping diagram of a conventional appa- 
tatus for depositing thin fi'ms on a semiconductor 
wafer by continuous gas tnjcclion, and 

JO 

figure 2 is a piping diagram of an apparatus for de- 
positing thin fonts on a semiconductor water 
rhiough continuous gas injection according lo the 
present invention 

JS 

[0017] Referring to figure 2, a thin htm deposition ap- 
paratus according lo the present invention composes a 
reaction gas transfer portion 1000 for transferring a re- 
action gas lo a reacto' 200. the internal pressure of 
whrch is maintained at a constant level, and an exhaust so 
portion 1300 for discharging the gas out of the reactor 
200. Here, reference numerals the same as those in fig- 
ure 1 represent the same elements 
[0018] The reaction gas transfer portion 1000 com- 
prises a first reaction gas supply portion 1110 tor sup- ss 
plying a firs! reaction gas to the reactor 200, a second 
reaction gas supply portion 1 1 20 for supprytng a second 
reaction gas to the reactor 200, and an inert gas supply 
portion 1120 for suppiymg an inert gas to the reactor 
200, The exhaust pan; ton 1300 has an exhaust pump 3P 
310 for discharging the gas out of the reactor 200 
[0019] The first, second and third gas supply portions 
1110, 1120 and 1130 and *hc exhaust pump 310 are 
connected by pipe lines having a plurality of on/olf 
valves 111, 112 113, H4. H5, 121, 122. 123, 124, 125 33 
131 1 32. 133 and 1 34 whfch are controlled by a con- 
nector (not shown) conneclep to each of the valves. 
[0020] The first reaction gas supply portion 1110 in- 
cludes a first source container 116 filled with a first l:qutd 
material as a source o; the first reaction gas, a mass 40 
flow controller (MFC) for controlling the flow of a Uansfer 
gas tor transferring the first reaction gas to the reactor 
200, a first flow control valve 11 2a installed between the 
first source container 116 and the valve 112, and a sec- 
ond flow control valve 114a instated between the MFC 
and the va?ve 1 1 4 Here, the first and second flow control 
valves n 2a and 114a continuously control the flow of 
the gas, thereby raising or maintaining the pressure of 
the gas Rowing in the reactor 200 at a constant level. 
[0021] The second reaction gas supply portion 1120 so 
Includes a second source container 1 26 filled with a sec- 
ond liquid material as a source ol the second reaction 
gas an MFC for controlling the flow of the transfer gas 
for transferring the second reaction gas to the reactor 
200, a first flow control valve 1 22a installed between the ss 
second source container 1 26 and the vaivo 1 22 anoa 
second flow control valvo 124a installed between the 
MFC and the valve 124 Here, the first and second flow 



control valves 122a and 124a ccnthuousfy control tho 
flow of the gas, thereby raising or maintaining thB pres- 
sure of the gas flowing tn the resctor 200 a! a constant 

'eve I 

[0022] The inert gas supply portion 1130 comprises 
an inert gas container 133 lor supplying the inert gas, 
an MFC for controlling the flow of the inert gas to the 
reactor 203, a third flow control valve 1 32a installed be- 
tween the valves 131 and 132, a bypass line 133a con- 
nected lo both ends of tne valvo 1 33 and a bypass ime 
1 34a connected to both ends oS the valvo 1 34 Here, the 
tnird flow control valve 132a continuously controls the 
How of Jhe inert gas. thereby raising or mainta:nrng the 
pressuro of the inert gas flowing in the reactor 200 at a 
constant levei. Tho bypass lines 133a and 134a have a 
diameter of 0. 1 -0.5 mm and a lenglh of 1 5-25 mm. 
[0023] The bypass linos 133a and 134a installed re- 
spectively around the valves 1 33 and 1 34 allow the inert 
gas to continuously flow In the reactor 200 mrough the 
first and second reactor pipe lines 21 and 22 even when 
iho valves 1 33 and 1 34 are closed, such that the reac- 
tion gas remaining in the first and second reactor pfpe 
fines 21 and 22 ffows into the reactor 200 Also, the third 
Row control vaive 132a Increases the amount of inert 
gas flowing tnto the reactor 200, thereby completely dis- 
charging the reaction gas remaining in the reactor 200 
and the reaction gas in Ihefirst andsecond jeactor pipe 
linos 21 and 22 

[0024] Preferably, the first, second and third flow con- 
trol valves 112a, 114a, 122a and 124a of the tlrs? and 
second gas supply portions 1110 and 1120, and the third 
flow control valve 132a of the third gas supply portion 
1130 aro a metering valve or a control valve. Also, Iho 
Rrss, second and third flow control valves 112a, 114a 
1 22a, 1 24a and 1 32a may be installed before iho vaJves 
112 114, 122. 124 and 132, respectively, and the dis- 
tance between each flow control valve and each valve 
may £e the shortest. This ss tor controlling the amount 
of flowing gas under a constant internal prassure and 
for maintaining the internal pressure The flow control 
valves 112a 114a, 122a, 124a and 132a control tho 
amount of flowing gas by increasing or decreasing the 
seciional area of tho pipe lines through which the gases 
How 

[0025] In the thin film deposition apparatus, lor exam- 
ple, when the valvos Hi, 112 and 113 are open, the 
transfer gas provided through a first supply line 1T and 
the valve 11 1 trows into the reactor 200 together with the 
first reaction gas from the first source container 116 
through the first flow control valve 112a, the va3vos 112 
and 113 and the first reactor pipe line 21 
[0026] Then when the valves 114 and 115 are open, 
tne transfer gas provided through the first supply line 11 
is discharged through the second flow control valvo 
114a the valves 114 and 115, the first exhaust line 71 
and the oxhaust pump 310. Here, the first and second 
flow control valves 1132a and 114a continuously control 
the ffowof Jhe transfer gas, thereby racing or maintain- 



5 



EP 0 959 149 A2 



6 



ing the pressure of the gas flowing sr. the reactor 200 at 
a constant tevel Also tho pressure of the gas (lowing 
in the leactor 200 becomes eq jal to {hat of the gas row- 
ing into the exhaust pump 310 

{0027] Thereafter the inert gas flows into the reactor = 
200 through the valves 131 and 134 and the first reactor 
pipe line 21 and through the va'Ve 131, tho third fiow 
control vaive 132a, the valve 1 32 and a third reactor pipe 
line 23. thereby discharging the reaction gas remaining 
in the fuss roactor pipe line 21 and the reactor 2C0. 
[0028J Then the transfer gas pipelined by a second 
supply line :2 and ihe vaWe 121 flows into the reacior 
200 together with the second reaction gas from the sec- 
ond source contemner 126 through the first control valve 
122a, she valves 122 and 123 and the second reader 
pipe line 22. Then, the transfer gas is discharged 
through the second Slow control valve I24a f tho valves 
124 and 125 and the exhaust pump 310. Here, the first 
and second flow control valves 122a and 124 a continu- 
ously control the flow of the transfer gas, thereby raising 
or maintaining the pressure at the gas flowing in the re- 
actor 200 at a constant level AJso, the pressure of the 
gas flowing In the reactor 200 becomes equal to that of 
tho gas flowing into the exhaust pump 310. 
[0029] Thereafter, the inert gas flows into the reactor 
200 through the valves 131 and 133 and a second re- 
actor pipe tine 22, and through the valve 131 , the third 
flow control valve 132a, the valve 132 and tho third re- 
actor pipe t;ne 23, thereby discharging tho reaction gas 
remaining «rc the second reactor pipe i;ne 21 and the re- 
actor 200. 

[0030] Here, when the valve 1 33 or 1 34 is closed, the 
inert gas continuously flows to the first supply line 21 or 
the second supply line 22 through the bypass valves 
1 33a and 134a Thus, the reaction gas remaining in the 
first and second supply lines 21 and 22 completely flows 
Into the reactor 200, and then is discharged out of the 
reactor 200 together with the inert gas provided through 
the third fiow control valve 132a and the valve 132, 
[0031] As described above, in the case to which the 
valve 133 or 134 is closed in order to transfer another 
reaction gas to the reactor 200, the inert gas can Row 
into the reactor 200 through the bypass Bine l33a and 
134a, so that the reaction gas remaining in ihe first re- 
actor pipe line 21 or tho second reactor pipe lino 22 can 
completely ftow into the reactor 200. Also, the reaction 
gas is complete ty discharged out of the reactor 200 to- 
gether with the inert gas in the third suppgy line 23, so 
that the reaction gas is not mixed wifn the next reaction 
gas. 

[0032] Also in the case in which the valves are turned 
on/oH in order to transfer another reaction gas, the flow 
oJ gas can be continuously controlled by the fiow control 
valves, so that cavitation in the pipe Bines due to a 
change in prossuro ss prevented. Accordingly, the reac- 
tion gas can flow continuously. 

[0033] In addiJion, tho first and second flow control 
valves can control the flow oJ transJor gas, so that the 



pressure of the gases m tno roactor and the exhaust gas 
can be mainta:ned at a constant level. Thus, oven 
though the pressure over the pipo l:ncs is not equaS due 
to specifications ol olomonts ol the shin film deposition 
apparatus {e.g., volume of reactor, inner diameter of 
pipe sine and length ol pipo uno), the fiow o5 reaction gas 
can bo maintained at a constant level. 
[0034] As described above, the thin film deposition 
apparatus, thro jgh a continuous gas injection according 
to tho present invention can conSrol Ihe flow of reaction 
gas and inen gas to keep a constant tevel by adopting 
How control valves and bypass lines Also, the mixing of 
different reaction cases in a reacior can be prevented 

Claims 

1. An apparatus for depositing a in film of a semicon- 
ductor device or on a substrate, having a reactor 
maintained at a constant pressure, at least two re- 
action gas supply portions for supplying reaction 
gases to tho reactor, an exhaust pump for discharg- 
ing the gases out of the reaction gas supply portions 
anchor the reactor, an inert gas supply portion for 
supplying an inert gas Into the reactor, reaction gas 
pipe lines, wherein the reaction gases provided 
from the reaction gas supply portions flow through 
the reaction gas pipe lines to the reacior and/or the 
oxhaust pump t an inert gas pipe line, wherein the 
Inert gas provided from the inert gas supply portion 
flowing through the inert gas pipe line to tho reactor; 
and a plurality of valves instated m the reaction gas 
pipe lines and/or the inert gas p:pe fines, lor con- 
trolling the amount of reaction gases and Inert gas 
Rowing into the reactor and/or the exhaust pump, 
the apparatus comprising 

first flow control valves installed between each 
reaction gas suppiy portion and the reactor, for 
controlling the amount of gases flowing be- 
tween the reaction gas supply portions and the 
reactor; and 

second flow control valves installed between 
each reaction gas supply portion and the ex- 
haust pump, for controliing the amount ol gases 
flowing between the reaction gas suppSy por- 
tions and tho exhaust pump 

2. The apparatus of claim t , wherein Ihe first and sec- 
ond fiow control valves are metering valves or con- 
trol valves rnstailed before the valves between the 
reaction gas supply portions and the reactor, and 
between the reaction gas suppiy portions and the 
exhaust pump. 

3. The apparatus of either of claims 1 or 2, further com- 
prising a third ffow control valve installed between 
tho inert gas supply portion and the reactor, for con- 
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lroli 7 ng tne amount of the inert gns flowing between 
the inert gas supply portion and the :eactor. 

4. The apparatus of claim 3, wheroxi the shiid flow cor- 
troi va!;vc 15 a metering vaive c a contro 1 valve in- * 
stalled before the vaJve placed between the inert 
gas supply pomon and ihe reactor 

5. The apparaius ol any precod;np claims, further 
comprising bypass lines connected to both encis of w 
the valves placed bot ween the inert gas supply por- 
iion and She reaction gas pipe me to allow the anert 
gas to flow slowly thiough ihe reaction gas pipe (line 

6. The apparatus of claim 5, where:n the bypass lines '5 
have nn inner diamoter ot 0.1-0.5 mm 

7. The apparatus of either ol claims 5 or 6, wherein 
the bypass fcnes have a lengtn of 15-25 mm. 
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